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CREAM T E ST IN G
C. H. ECKLES.
There seems to be a general demand for more exact in­
formation in regard to testing cream by the Babcock method. 
A large number of factories in this and adjoining states which 
have until recently separated all the milk used at the cream­
ery, now receive more or less cream from patrons using their 
own small separators.
The general adoption of the system of paying for milk 
according to the amount of fat contained, makes it desirable 
that those furnishing cream be paid on the same basis. The 
increased use of the skimming station plan has also helped to 
make cream testing of more importance, as it is often desired 
to keep an accurate account of the cream received from each 
station.
The testing of milk by the Babcock method is easily 
learned, but when the test is applied to cream, a number of 
difficulties are at once met which if not removed lead to error 
and dissatisfaction. The object of the work upon which this 
publication is based, was to take up those points in cream 
testing where there is uncertainty and to make our knowledge 
more exact; also to consider the common sources of error, and 
to find as far as possible, practical means for overcoming them.
BUYING CREAM BY T H E  BABCOCK T E S T .
Inquiries have been received from the operators of a large 
number of creameries running on the separator plan, and pay­
ing for milk by the Babcock test, who wish to know if cream 
can be bought on the same basis and justice done to all. In­
quiry among a large number of creamery men using cream
3
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from farm separators, altogether or in part, showed that some 
test the cream by the Babcock method and pay for it by the 
pounds of butter fat contained, just as they do the milk re­
ceived at the same place. Several others buying milk by the 
Babcock test, use an oil-test churn to test the cream brought 
to the same factory. One creamery using farm separator 
cream exclusively, used the oil-test churn entirely at the time 
inquiry was made. The rather surprising fact that many are 
not buying cream by the Babcock test, even where they are 
buying milk by it, shows there are difficulties in its use when 
applied to cream.
It is evident that when the same price per pound is paid 
for butter showed by the oil-test churn, as for butter fat by 
the Babcock test, the payment is not on the same basis, and 
therefore justice is not done between the two classes of pat­
rons. The Babcock test shows all the fat, while the oil-test 
churn shows only the churnable fat. The churnability of the 
fat depends upon a variety of conditions which at times make 
the results considerably inaccurate. This alone is sufficient 
reason for testing cream as well as milk by the Babcock meth­
od, both in separator and gathered cream factories. Besides 
securing the most accurate testing by the Babcock method 
it is more economical of time, as the composite sample 
plan may be used and the tests made twice or three 
times per month, instead of every time cream is brought to 
the factory, as it is generally done with the oil-test churn. 
M any of the factories running on the gathered cream plan still 
use the oil-test churn as a means of payment. The payment 
being made by the inches of cream and not by the amount of 
butter fat. Where the Babcock test has been introducad, it 
has generally given better satisfaction. The plan of using it 
as described by Winton and Ogden*, may be used with good 
results and is about as follows:
The cream gatherer is provided with a spring balance for 
weighing, a pail for holding the cream while weighing, small
32
♦Conn. Experim ent Station (New Haven) bulletins 108 and 119. Report 1894, p. 
214-244. Also described in Farrington and W olfs “Testing Milk and its Products”.
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wide necked bottles with numbers on the corks corresponding 
to the patrons numbers, and with a sampling tube. The 
cream is emptied into the pail, weighed, and after being pour­
ed two or three times from one vessel to another, a sample is 
taken and put in the bottle having the patrons number. When 
the driver returns to the creamery, the samples of cream in 
the bottles are emptied into a pint jar bearing the patron’s 
number and containing some preservative. This gives a com­
posite sample which may be tested as often as desired, at 
least once in two Greeks.
Most creameries pay the same price per pound for butter 
fat in cream and in milk, when both are received at the same 
factory. Some pay what is estimated to be the cost of separ­
ation more for fat in cream.
SAMPLING CREAM.
The composite sample system now generally used in 
creameries paying for milk by the Babcock test, may be ap­
plied to cream in the same manner. When taking samples 
of cream to be placed in the composite jar, or when taking a 
sample from the jar for testing, more care is required to get a 
fair sample than with milk, Cream being more viscid than 
milk, it is harder to get into a uniform mixture, while violent 
agitation causes air bubbles to be mixed in and on account of 
the viscosity they escape slowly. When each patron’s cream 
is brought to the factory separately, the same methods of taking 
samples are adopted as are used for milk. It is generally best 
to have a small weigh can especially for cream, if any con­
siderable quantity of it is received. As cream is subject to 
considerable variation in fat content, a sampling tube such as 
•‘the milk thief” , with an opening slightly larger than is used 
for milk, is to be recommended as a means of taking the sam­
ple. In order that the cream adhering to the sampling tube 
from one sample may not influence the next, the tube should 
be filled and allowed to empty once or twice before the sam­
ple is finally taken. This is especially necessary when sam­
pling milkafter sampling cream,
33
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Cream keeps about the same with the ordinary preserva­
tives as milk under the same conditions. Some correspon­
dents report more trouble in keeping cream when it is some­
what sour when sampled. It is hardly advisable to keep 
samples of cream over two weeks before testing. Where 
tests are made only monthly, as is done in some cases, a num­
ber of samples are liable to be partly spoiled, especially during 
warm weather, so a fair sample cannot be taken and conse­
quently the results are unreliable and may lead to dissatisfac­
tion.
Before taking a sample for testing from a composite sam­
ple jar, it is advisable to heat the contents to 90 or 100 de­
grees, especially when the cream is thick or has been in a cold 
place. This makes the cream less viscid and a uniform mix­
ture more certain to be obtained after pouring carefully from 
one jar to another a few times. Raising the temperature this 
high does not lighten the cream enough to appreciably affect 
the reading of the test. If the cream contains less than 30 
per cent of fat, an ordinary 17 .6  cubic centimeter pipette may 
be taken as when testing milk and the *Winton cream bottle 
used. From  two-thirds to three-fourths of a 17 .5  c. c. 
measure of acid, is as a rule found sufficient for use in cream.
If a creamery receives cream from farm separators, it will 
be found most satisfactory to have the separators set to skim 
cream containing between 20 to 30 per cent of fat.
However, considerable of the separator cream tests more 
than this, so it cannot be read without some modifications.
D ILU TIO N .
In the hands of a careful operator, cream may be tested 
with sufficient accuracy for most purposes by the use of milk 
bottles. A convenient way of doing this is to place a pipette­
ful of the cream to be tested in a cup, to this is added two 
pipettefuls of soft or distilled water. If the cream is known 
to be very rich, so it will test over 30 per cent, more water
34
*rhis is the wide necked cream bottle reading to 30 per cent and is sold by all 
dealers in dairy supplies.
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should be added. The whole is then thoroughly mixed and a 
17 .6  cubic centimeter pipetteful of the mixture taken and.test- 
ed as milk, except somewhat less acid is needed. The read­
ing is multiplied by the number corresponding to the fraction­
al part of the mixture occupied by the cream.
Where cream bottles are at hand and the cream to be 
tested can not be read on the scale, a mixture may be used 
composed of equal parts of cream and water.
A large number of tests made by this dilution method, 
showed it may be made as accurate as any that are based up­
on measuring the cream.
W EIG H ING  CREAM FOR T E ST IN G .
When it is important that cream be tested very accurate­
ly, it is necessary to weigh out the amount rather than to 
measure it. The reasons for this are considered later in this 
article. For this purpose it is necessary to have a delicate 
balance and weights of the metric system.
The amount of milk made the basis of the Babcock test, 
and the amount of normal milk delivered by the 17 .6  c. c. pip­
ette is 18 grams. In weighing out cream, the amount taken may 
be made to suit the size of the bottle, and from the result the 
correct reading for 18 grams calculated. W e have found the 
least number of errors are made and the most rapid work done 
by using cream bottles, and taking 9 grams for each test. 
The bottle may be put on one side of the scale and balanced 
with weights, or more conveniently with fine shot. When 
the bottle is balanced, 9 grams in weights are placed on the 
pan with the shot, and the well mixed sample of cream drop­
ped from a pipette into the bottle until the balance shows 9 
grams have been added.
W ater is added to the cream to make up about 15 c. c. 
and about 14  c. c. of acid are used. When 9 grams are taken 
the reading is multiplied by 2.
ERRORS IN T E ST IN G  CREAM BY M EA SU R E.
If cream is measured with the 17 .6  c. c. pipette, as milk 
is, the result is too low for two reasons.
35
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The 17 .6  c. c. pipette gives an allowance of . 1  c. c. for 
milk that adheres to the pipette. In measuring cream, on ac­
count of the more adhesive nature, a larger amount sticks to 
the glass. This amount in thick or sour cream is sufficient to 
change the results materially. The following figures show the 
effect of varying thicknesses of sweet and sour cream on the 
amount adhering to the pipette. The cream for the tests in 
the first column was measured out with a 17 .6  c. c. pipette 
blowed out as when testing milk. The second column is the 
same cream measured with the pipette and the cream adher­
ing to the pipette rinsed out with warm water and added to 
the measured cream.
3«
Per cent Pat 
Measured by 
17.6 C. C. Pipette
Percent F at 17.6 C C. 
Pipette 
Rinsed Out
Gain
by
Rinsing
Condi! ion of Cream
16.5 16 .8 .3 F resh  from  se p a ra to r
19 .6 20 .4
2 9 .8 30 .4 .6 “ “  “
4 1 .5 42 .5 1 “  “  “
25.5 26 .2 .7 Sour, a c id ity  .61 p e r c e n t
2 !) 30 .4 1 .4 .64
3 4 .7 35 .7 1 .49
40 .4 4 2 .5 2 1 .54
The next table shows the effect of souring on the amount 
adhering to the pipette. The cream was tested sweet and 
again after souring 24 hours.
Per cent Fat 
Measured by 
17 6 C- C Pipette
Per cent Fat 17.6 
Pipette  
Rinsed Ont
Gain
by
Rinsing
Condition of Cream
19.6 20 .4 F resh  from  se p a r a to r
19 .6 20 .5 .9 Sour, a c id ity  .72 per c e n t
29 .8 30 .4 .6 F resh  from  se p a r a to r
29 .5 30 .9 1 .4 Sour, a c id ity  .64 p e r c e n t
4 1 .5 4 2 .5 1 F resli from  se p a r a to r
41 43 .5 2 . 1 S ou r, a c id ity  .54 p e r c e n t
From these figures it is evident no change in amount 
measured could be made to remove this varying error. This 
error can be removed easily and completely by rinsing out the 
pipette with about one-third of irs volume of warm water and
8
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adding this to the measured cream. When large quantities 
stick to the pipette, it may be loosened by placing a finger 
over each end after adding the water, and shaking violently.
All the results given in this bulletin are based upon this 
plan of rinsing out the pipette after measuring the cream.
T H E  ERROR D U E  TO T H E  LOW SPE C IFIC  GRAVITY OF CREAM.
The size of this error varies with the per cent of fat. 
The 17 .6  c. c. pipette delivers 18 grams of milk but less of 
cream as it is lighter on account of the larger amount of fat 
present. This error can be removed by weighing the cream, 
but for factory use there is considerable objection to this 
method, especially where the amount of cream received is 
small. Very few factories are provided with the necessary 
delicate scales, or with operators able to give the time and 
practice required for accurate weighing.
Another way of avoiding this error due to the low specific 
gravity of cream has been proposed in the form of a table 
showing the amount of the error for various per cents of fat. 
After testing a sample of cream, measuring it with the ordi­
nary 17 .6  c. c. pipette, the table could be consulted and the 
amount necessary to be added to remove the error due to the 
low specific gravity could be ascertained. As it is easier to 
apply this table of corrections than to weigh the cream for 
testing, it was decided to make a series of experiments to de­
termine if such a table could be adopted for use where the 
composite sample system is used, and be accurate within the 
limits reasonable for practical use. In doing this, the specific 
gravity of cream from 10 to 50 per cent was ascertained at in­
tervals of 5 per cent as described in particular under a sepa­
rate heading on page 42. The conditions were made as 
near as possible such as would be present in testing composite 
samples. The error that would be made by measuring cream 
of these different per cents of fat was calculated by propor­
tion. For example, the specific gravity of cream containing 
30 per cent of fat was found to be .999. W e then make a 
proportion as follows:
1.032 : 18 : : .999 : X
37
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The 1.032 is the specific gravity of average milk, 18 the 
number of grams of milk delivered by the 17 .6  c. c. pipette, 
.999 the specific gravity of 30 per cent cream. The result, 
17 .4  grams, shows the weight of 30 per cent cream contained 
by a 17 .6  c. c. pipette.
B y  making a second proportion:
17 .4  : 30 : : 18 : X
W e find that if 17 .4  grams gives a reading of 30 percent, 
that 18 grams should give a reading of 3 1 per cent. The 
error in testing 30 per cent cream by measure, therefore, is 1 
per cent. The same method was used to find the error for 
the different per cents of fat for which the specific gravity had 
been found.
Afterwards a large number of trials were made by testing 
the same cream by weight and by measure, and the results 
compared with the error as calculated by proportion. It was 
found that by careful work it was possible to test cream by 
measure, adding the calculated correction to the reading and 
to quite closely approximate the test of the same cream by 
weight. The error in the reading after correction should be, 
and in most cases was, as small or smaller in relation to the 
whole, than an error of . 1 per cent on average milk.
The following table shows the specific gravity, the theo­
retical difference between tests made by weight and by mea­
sure as found by proportion, and the average difference as 
found by testing the same cream by weight and by measure.
38
Per cent Fat in 
Cream 
by Measure
Specific Gravity 
17.5° C.
(63 5" F.)
Theoretical Differ­
ence Between 
W elgbt and Measure 
Per cent
Average Difference 
by Trial 
Per cent
10 1 . 0 2 1 . 1 1 . 1 2
15 1.016 .25 .26
20 1.011 .41 .44
25 ■ 1.005 .67 .6
30 .999 1 1 .
35 .993 1.4 1 .5
40 .987 1 .85 1 . 8
45 .981 2 .3 6 2 .4
50 .973 3 .2 0 3 .4
10
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The following table designed for practical use, is made 
up from the above. The error for each 5 per cent is divided 
equally and changed to the nearest tenth of a per cent.
Reading by 
Measure 
17.6 c. c. P ipette
Reading Corrected 
to Nearest 
Tenth
Reading byJMeas- 
ure 17.6 c c. 
Pipette
Reading Corrected 
to
Nearest Tenth
10 1 0 . 1 31 32 .1
1 1 1 1 . 1 32 33 .2
12 1 2 . 1 33 34 .2
13 13 .2 34 3 5 .3 ’
14 14 .2 35 36 .4  .
15 15 .3 36 37 .5
16 16.3 37' ' 38 .6
17 17 .3 38 39 .7
18 18.4 39 4 0 .7
19 19.4 40 4 1 .8
20 2 0 .4 41 43 .
21 21 .5 42 4 4 .1
22 2 2 .5 43 4 5 .3
23 2 3 .5 44 4 6 .3
24 24 .6 45 4 7 .4
25 25 .7 46 4 8 .6
26 26 .8 47 4 9 .8
27 27 .8 48 5 0 .9
28 2 8 .9 49 52 .1
29
30
2 9 .9  
31 .
50 5 3 .2
It is to be noted^that the corrections are only applicable 
to cream that is practically free from air bubbles, and there­
fore cream fresh from the separator, containing more or less 
air, will show more difference than the table represents. The 
liability to errors in testing increases with the thickness of the 
cream. So the corrections are more certain to apply on 
cream of average thickness or less, than on that containing a 
larger per cent of fat. If it is desired to test considerable 
quantities of rather thick cream, as is often the case in fac­
tories which are the center of skimming siation systems, it is 
undoubtedly best to depend upon weighing the samples for 
testing.
T E ST IN G  SOUR CREAM. ' •'
It is often ^jesjrable to test cream after it has reached a 
sour condition, and the question arises regarding the accur­
acy of such tests.
11
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It is well known that the production of acid has no ef­
fect on the fat content, so if sour cream is weighed for testing 
there will be no difference on account of the fermented con­
dition. If there be any effect on the reading of the test, it 
must be when the amount is measured out with a pipette.
Sour cream is more viscid than sweet and consequently 
holds bubbles of air longer than sweet. If samples of sour 
cream are not mixed with care, enough air may become in­
corporated to seriously affect the result. Although of minor 
importance, it is probable that occasionally enough gas may 
be developed during the souring to lower the reading of the 
test slightly. However, as a rule, sour cream can be tested 
nearly as accurately as sweet. The following figures show 
the result of testing cream by measure after standing five 
hours to allow the air to escape, and again after being allow­
ed to sour for 24 hours
40
Separator Used Per cent F at 5 Hours After Separation
Per cent Fat24 Hours 
Af er Separation
33 .2 32 .7
48. 48.
4 5 .2 45 .2
39. 3 8 .7
U . S. N o. 0 ..................................................... 3 9 .2 3 9 .5
35 .7 3 5 .2
N a tio n a l N o. 1 .............................................. 31. 31.
39 .5 3 9 .9
TE STIN G  CREAM SOON A FTER  SEPARATION.
It is sometimes important to know if cream will test the 
same after standing some hours as it does fresh from the sep­
arator. A number of tests were made on this point and the 
conclusion is that as a iule cream will test slightly higher af­
ter standing several hours. A certain amount of air is mixed 
into it during separation and this gradually escapes. The 
difference is at no time very much, usually less than one per 
cent. It varies with the separator used and the thickness of 
the cream. Cream ihat shows a fine foam on the surface af­
ter standing, contains air and will give too low a test fresh 
from the separator.
12
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T E STIN G  PA ST E U R IZ E D  CREAM.
There has also been some inquiry regarding the effect of 
pasteurization on the accuracy of cream testing.
If a sample of cream be tested by measure, then pasteur­
ized under the usual conditions (15 8 ° F . for 15 or 20 minutes) 
and another test made, the latter will as a rule show a higher 
reading, usually from .5 to 1.5  percent. A test by weight 
made before and after pasteurizetion shows practically the 
same increase in reading. This indicates that the increase 
under the first conditions is due to the same cause as m the 
latter, which seems to be the evaporation of a certain amount 
of water by the heating. The error of testing by measure, 
due to the low specific gravity, remains practically the same 
as when testing raw cream.
T H E  SPECIFIC GRAVITY OF C R E A M .*
The cream for the determination of specific gravity was 
secured under conditions as uniform as possible. About a 
quart of cream was taken, always from the same separator, 
and with a per cent of fat somewhat higher than desired for 
the particular test. Skim milk was taken at the same time 
and a small amount of formaline added to each to prevent 
fermentation. After standing five hours after separation a 
test for fat was made from the cream and the necessary 
amount of skim milk added to bring the per cent of fat to the 
desired point. On account of the possibility of variation in 
condition of samples, it was considered best to use a rather 
large quantity in finding the specific gravity. A measuring 
flask holding something over 500 c. c. was weighed empty 
and again when filled with distilled water at 1 7 .50 C. The 
flask was then filled with the cream to be tested at the same 
temperature with as little agitation as possible and weighed. 
It was almost impossible to fill the flask exactly to a mark with 
cream, on account of the bubbles of air making the surface line 
indistinct. In order to overcome this, the flask was fitted with a
*The writer wishes to acknowledge his obligations to Dr. J. B Weems, of the De­
partment of Agricultural Chemistry, for suggestions in regard to methods of carry­
ing out this work.
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rubber stopper containing a small glass tube. As the stopper 
was forced into the neck to a certain mark, the cream raised in 
the tube.and overflowed, allowing a close measurement. Three 
trials were made for each 5 per cent from 10 to 50 per cent 
as shown ift the table following. No two samples of the same 
per cent of fat were from the same day’s supply of cream
42
Per cent 
Fat
Specific
Gravity . Average
Per cent 
Fat
Specific
Gravity Average
10
1 . 0 2 2
1 . 0 2 0
1 . 0 2 2
1 . 0 2 1 30
.999
.999
.999
.999
15
1 . 0 1 0  
1 . 0 1 0  
1 . 0 1 0
1 .016 35
.992
.993
.994
.993
20
1 .013
1 . 0 1 2
1 . 0 1 0
1 . 0 1 1 40
.990
.985
.980
.987
25
1 .008
1 . 0 0 2
1 .006
1.005 45
. 983 
.979  
.982
.981
50
.974
.974
.972
.973
14
Bulletin, Vol. 5 [1900], No. 52, Art. 1
http://lib.dr.iastate.edu/bulletin/vol5/iss52/1
T H E  INFLUENCE OF CERTAIN  CONDITIONS, 
IN CHURNING, ON T H E  AM O UNT  
OF W A T E R  IN B U TTER .
J. B. WEEMS F. W. BOUSKA
W ater is one ol the most variable constituents of butter, 
as may be seen from the following selections made from the 
works of standard authorities on this subject. Such as for 
example as Blyth, Allen, Bell and Lewkowitch.
B lyth1 says, “ There is no standard followed or fixed 
with regard to the percentage of water. In those cases in 
which the fat is below 80 per cent, the deficiency of fat is 
usually from excess of water, and seeing the variable quan­
tity of water found in butter, it is wisest not to certify on the 
grounds of water alone unless there is sufficent to lower the 
percentage of fat below 80 per cent.”
LEGAL CASE.
At the Bath Police Court (January, 1879) a dairyman 
had been summoned for selling butter, the proximate analy­
sis of which showed a considerable addition of water. An 
appeal to the Somerset House elicited the following certifi­
cate, “ We hereby certify that we have analysed the butter 
and declare the result of our analysis to be as follows” :
PER CENT
W a te r ..........................................................................................................................................23.27
B u tte r  F a t ................................................................................................................................74.69
S a l t ...................................................................................... .................................  .........................78
C u r d ............................................................................................................................................  1.26
The result of our analysis of numerous samples of ordi­
nary commercial butter obtained from different parts of the 
country, including the south of England, show that the por­
1 Foods. Their Composition and Analysis. A. W. Blythe, p. 305.
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tion of water present is a very variable, and that it occasion­
ally amounts to as much as 19 per cent.”
Allen3 states that “ The proportions of water normal­
ly present in butter is from 8 to 12  per cent. Sixteen per 
cent may be regarded as the maximum proportion in good 
well made, butter. Jam es Bell however obtained from 1 17  
samples of butter collected in various parts of the kingdom, 
and asserted by him to be genuine, proportions of water vary­
ing from 4 .15  to 20.75 Per cent.”
Bell3 regards the subject as follows:
A greater amount of water in butter than 12  per cent is 
unnecessary, so far as attaining a good appearance is con­
cerned, and any thing over 16 per cent, is injurious to the 
keeping qualities of the butter. It is stated that in some 
dairy districts it is not unusual to systematically work in a 
quantity of water in addition to that which becomes natural­
ly enclosed in the butter in the ordinary process of manufac­
ture; and this practice, which answers no purpose but that of 
adding to the butter, is one to be greatly depreciated, 
Lewkowitch,4 in his work says:
“ The proportion of water in a butter should not exceed 
16 per cent,” and gives the following table to illustrate the 
amount of water present in butter on the English market.
44
Kinds of Number of
Samples Containing per cent 
of Water
ObserverButter SamplesExamined From 11 to 
14 per cent
From 10 to 
16 per cent
Above 
16 per cent
E n g lish  and  
F o re ig n 560 83.8 94.2 .9 V ieth
E n g lish 143 . 70.7 85.4 .7 11. D. R ich m on d
F o re ig n 417 88.3 97.2 1 .
This condition which prevails as to the amount of water 
in butter suggests that there may be certain principles that
2 Allen. Commercial Organic Analysis, page 149.
3 Bell “Foods” part II page 47.
4 Oils, Fats and Waxes, p. 495. Benedict and Lewkowitch.
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govern the proportions of this constituent. To determine the 
existence and effectiveness of some of these principles the fol­
lowing investigations were made.
These principles operate more or less in the methods in 
general practice in making butter. The methods of making 
butter in their relation to its percentage of water fall into two 
classes. One in which the butter is made in the customary 
manner and the other in which a special method or prepara­
tion is used.
The principles involved in the ordinary method are in­
ferred from the following facts and observations. Butter fat 
exists in cream in the form of microscopic spheres known as 
fat globules. Under proper conditions the concussion of the 
churning makes the globules strike together and the impact 
causes them to form masses. The masses continue to in­
crease in size with the progress of churning and rise to the 
surface of the buttermilk. The increase in size continues and 
a condition is reached when the granules reveal their struc­
ture and when magnified under a microscope the indi­
vidual fat globules are readily visible when using an objective 
of sufficent power. On examination with a microscope using 
a low objective it is seen that the granules are aggregates of 
fat globules, very irregular in form and size. This is because 
their size and shape has been determined as it were by 
chance. The changes occuring before the butter breaks are 
generally uniform but after breaking the relative size and 
shape of the granules depend upon the richness and tempera­
ture of the cream.
A thin cream held at a low temperature (at least below 
50°) for several hours before churning, churns very slowly for 
the following reasons: (1) The fat globules are distributed 
in a large volume of milk serum and the chance of striking 
one another is less than in thick cream. (2) The low tem­
perature hardens the fat so that the globules do not cohere 
readily, and may probably strike together several times before 
adhering together. After the butter has broken it gathers 
very slowly and as a result of these circumstances the gran­
45
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ules are knocked about to such an extent that their irregular­
ities are made smooth. At the time of breaking they are 
spherical in shape, appearing like shot, and as the churning 
continues they become larger until they are the size of wheat 
kernels. They are then smooth and oval, and further churning 
does not increase their size except a few lumps of butter often 
as large as walnuts are seen floating among the small granules.
A rich cream that has been kept at a comparatively high 
temperature churns rapidly. The globules are in close prox­
imity and there are naturally many chances of striking to­
gether to form larger masses At higher temperatures the 
fat globules are soft and cohere easily, consequently the 
churning is accomplished in a short time. The resulting 
granules are not well defined and very little nsem ble the 
granules of churnings under other conditions They are very 
irregular in shape and size, appearing like popped corn.
Unworked butter holds a liquid like buttermilk or water 
in three ways: By adhesion to the surface of the granules, in 
the minute interstices and channels between the granules, and 
mechanically in pockets. In butter that is not over churned, 
capillary attraction probably holds a larger quantity of the 
liquid than is held by either of the other ways.
It is apparent that the small irregular granules hold more 
liquid than the large or smooth granules, and a handful of the 
butter squeezed to separate the liquid shows this condition 
very readily. Over churned or smooth granuled butter drains 
with facility while the opposite is true with butter having fine 
or irregular granules.
Should the butter be unwashed even, the amount of 
buttermilk retained in the finished butter will manifest itself 
as water when the butter is analyzed. The water in butter 
should therefore be regarded as being held by the fat in a 
mechanical condition and not by any means as in a chemical 
composition.
Butter of any kind, worked or unworked,* as a rule looses 
water in working, therefore the proportion of water in the 
finished product ig determined by the amount of water in the
46
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butter before working and the efficiency of the working in ex­
pelling it. The principles that determine the quantity of 
water in unworked butter, as they relate to the size and shape 
of the granules have been explained, but there yet remains 
to be ascertained the principles that govern the expulsion of 
water during the working. This expulsion of water is govern­
ed to some extent by the length of time and method of work­
ing, but principally by the hardness of the butter.
The object of the working is to incorporate and distri­
bute the salt and to bring the butter into a compact form. 
To avoid mottling an even distribution of salt is essential. 
This is facilitated by a solution of the salt in water in the 
butter. The limit of the working is governed by the grain of 
the butter and this limit is reached when the butter has been 
worked to such an extent that it strings somewhat like gum 
when pulled apart. Working after this condition is reached 
soon injures the grain. The butter springs when the granules 
have been united by the squeezing during the working. The 
union is more rapid when the butter is soft and naturally soft 
butter springs sooner than hard butter. The salt is dissolved 
and distributed with ease. Consequently the objects of the 
working are attained very soon when the butter is soft and 
further working is unnecessary and harmful. It is very diffi­
cult to tell when the salt has been, sufficiently distributed to 
avoid mottles, and as a result there is a tendency to work 
butter as much as it will stand, i. e ., until it begins to string. 
So it is seen that the extent of working can not be very effec­
tive in governing the proportion of water in the finished but­
ter in practical operations. Theoretically it is evident that 
if working expels water, the extent of working will have a 
bearing on the percentage of water. The object of the 
working is so important and so difficult to attain that the ex. 
tent of working can not very well serve another purpose.
Hard butter when compressed during the working pro­
cess squeezes out more water than soft butter. Working 
butter twice with a considerable interval between the work­
ings, during which the butter hardens, is very effective in ex­
47
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pressing the water. The use ot the method which allows the 
butter to become hard before the second working is one which 
gives the most satisfactory result. In this manner two work­
ings expel more water than one working occuping as much 
time as the two workings together, and then the second hard­
ening of the butter allows the process of working to be con­
tinued for a much longer time then in a continuous one.
The effect of the hardness of butter upon the proportion 
of water in the finished product is due to the fact that soft 
butter retains more water than hard butter.
To determine the effectiveness of this idea investigations 
were made with the following considerations. The size and 
shape of the granules and the extent of working were regatd- 
ed as disturbing factors. Uniformity in these and minor de­
tails was secured as far as possible.
The cream used in the experiment was ripened and cool­
ed a large vat. It was divided into two churnings by stirring 
and bailing with two cans. The cream was weighed in the 
can and alternately emptied into the vat and churn. Equal 
weights of cream were put into the churn and vat by empty­
ing alternately so that the same percentage of fat could be se­
cured in each half. The churn was run for awhile to mix the 
cream thoroughly, then a sample was taken and tested for fat in 
order to ascertain whether the two churnings contained the same 
per cent, of fat The cream was tested by the Babcock meth­
od, nine grams of cream being weighed out instead of meas 
uring with a pipette. The butter was churned and worked 
in a 125 gal. combined chuin (Disbrow, Size A3).
Cooling the cream before it was divided secured a uni­
formity of churning temperature but the last churning always 
churned the cleaner because the cream had been kept longer 
at a churning temperature. The order of churning was re­
versed a few times in such a manner as to fairly distribute the 
difference due to the error from this source. Churning the 
cream at the same temperature gave uniform results in the 
size and shape of the granules.
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The hardness of butter depends primarily upon its tem­
perature. The temperature of the water was controlled by 
tempering the wash water. One churning was washed with 
cold water and the other with comparatively warm water. 
Extremes in this respect were resorted to in order to insure 
pronounced results. Equal quantities of wash water were 
used. The churn was revolved once in the slow gear after 
the water had been added, then drained. Each of the churn­
ings were drained as nearly as possible to the same extent. 
Salt was added to each churning in such quantities to produce 
an equal degree of saltness to the taste. In most cases a 
larger amount of salt had to be used on the hard butter be­
cause it lost more water and this carried with it the salt. 
The soft butter appears to take up salt much more readily 
than the hard.
Both of the churnings in each experiment were always 
worked to the same degree, i. e ., until the butter commenced 
to string. In many cases after the hard butter had been 
worked as long as the soft, it showed so little of the effects of 
working that it was still in the granular form and had the ap­
pearance of not having been woiked. In all the operations 
care was taken to prevent injury to any of the qualities of 
the butter. In spite of the disparity of time spent on the 
working none of the butter mottled and if the texture sus­
tained any injuries they were very slight. One tub of the 
butter washed with water at 70° and worked in two minutes 
was scored 97%  by Orin Douglass.
Table No. I. shows the experiments and results in detail. 
In churnings 11. and 12. the combined effect of hardness and 
size of granules was investigated. The results are given be­
cause they are of some interest in connection with the pro­
blem under investigation.
The results in Table No, I. show larger quantities of but­
ter in all the cases where the butter was soft. Samples of 
butter were taken from a number of the churnings and analy­
zed. The analyses show a greater percentage of water when 
a large quantity of butter was obtained from the churning.
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Table No. II shows the relation of the softness of butter 
during working to its property of holding water
5t
TABLE II. THE RELATIVE INCREASE OF THE PERCENTAGE 
OF WATER PRODUCED BY WARM WASHING.
N
um
be
r.
P
er
ce
nt
ag
e
W
at
er
.
I
P
er
ce
nf
ag
e
D
if
fe
re
nc
e.
P
er
ce
nt
ag
e
D
if
fe
re
nc
e.
T
em
pe
ra
uv
e 
of
 
W
as
h 
W
at
er
. 
D
eg
re
es
 
F.
D
if
fe
re
nc
e 
D
eg
re
es
 
F.
T
em
pe
ra
tu
re
 
of
 
B
ut
te
r.
D
eg
re
es
 
F.
D
if
fe
re
nc
e.
 
D
eg
re
es
 
F.
\ 17 15.47 3.57 19.93 08 31
i 18 12.9 47
j 23 10.65 2.00 19.15 70 56 6
1 24 13.89 46 50
| 35 14.17 3.30 19.38 65 33 58
|3 ( i 11.87 33 40 18
t 11 14.07 45
i i s 17.50 3.43 34 38 70 25
The results verify the principle that soft butter retains 
more water than hard butter. The increase in the amount 
of water is uniform but not in direct proportion to the soft­
ness ot the butter. This seems to indicate that softening the 
butter beyond a certain limit does not produce an additional 
incre ise in the amount of water and vice versa. Tt can be 
inferred that within these limits the proportion of water is in 
a definite ratio to the softness of the butter.
The principles which have been investigated in these ex­
periments have proved to be effective in actual practice. In 
1898 butter was made for export to England and dry butter 
was demanded. The cream was churned at a low tempera­
ture and the churning was continued until the granules were 
as large as peas. The butter was washed with water at 450 
to 48° and was allowed to remain for about 30 minutes. It 
was paitly worked the first day and finished the following 
day. Complete analyses of the samples of the butter were 
made. Table No. I l l  exhibits the percentages of water, 
classified.
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TA BLE II I . PERCENTA GE OF W A TER IN  B U T T ER  S H IPP E D  TO 
ENGLAND IN  1898. 32 ANALYSES.
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The larger number of the analyses show a very low per­
centage of water. The possibilities of these principles, which 
govern the amount of water in butter, can be judged from the 
lowest percentage of water (6.72) in Table No. I l l  and the 
highest (17.5) in Table No. I. These figures are by about 
2 per cent respectively the lowest and highest percentages 
of water found in any of the analyses of genuine butter on 
record of the Chemical Section of the Iowa Experiment 
Station.
TABLE IV. LOSS OF WATER DURING WORKING.
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The loss of water during the working bears a relation to
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the extent of working as has already been explained. The 
object of the working was secured in from two to three min­
utes with the soft butter and furiher working would have in­
jured the grain. The hard butter was only partly worked, in 
the same length of time and on being weighed gave more 
weight than the soft butter. The excess of weight, of course, 
consisted of water. After the hard butter had been worked 
to the same extent as the soft (i. e ., until it commenced to 
string) it showed less weight than the soft. This experiment 
was not carried on extensively because the handling of the 
butter effected the experiments on the softness of the butter.
The authors are indebted to Mr. McKay, the instructor 
in dairying for assistance in the work carried on in the cream­
ery of the college.
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A  S T U D Y  O F B U T T E R  INCREASERS.
J. B. W EEM S.' F. W. BOUSKA.
In 1893, the U. S. Department of Agriculture published 
Farmers’ Bulletin No. 12, entitled “ Nostrums for Increasing 
the Yield of Butter” by Dr. H. W. Wiley, chemist of the U. 
S. Dept, of Agriculture.
A number of the so-called “ butter increasers” and “ but­
ter compounds” were investigated. The compounds did what 
was claimed for them, that is, they produced large quantities 
of a butter like material. Analyses of the compounds them­
selves revealed that they were composed of very cheap in­
gredients.
Analyses of two samples of “ butter” prepared by using 
“ increasers” gave the following results:
I. II.
W ater.................................................................... 49.55 per cent 31.93 per cent
F at..........................................................................45.45 ** 07.30 “
Ash (Salt)............................................................  1 34 “ .15
Casein.................................................................... 3*3(5 “ .03
Lately attention has been called to processes similar to 
those outlined above which have been advertised in certain 
papers and on investigation two methods or receipes were ob­
tained. The circular received from one of the parties adver­
tising one of these so called butter increasers was as follows:
“ In reply to your favor of the ------ I would say that this
buttermaking process of mine is the rest It of twenty-five years 
experience in the dairy business, and is genuine, simple and 
a fact. It is a process in which no chemicals or any foreign 
substances are used. The process produces pure, sweet but­
ter that keeps sweet and pure longer than butter made by any 
other process. This process requires less labor than the old-
26
Bulletin, Vol. 5 [1900], No. 52, Art. 1
http://lib.dr.iastate.edu/bulletin/vol5/iss52/1
fashioned way of buttermaking. Now to show the money 
profit over the old way of buttermaking I will illustrate. You 
take a gallon of cream and churn a few pounds of butter. I 
will take a gallon of the same cream and by this process pro­
duce over 100 per cent-more butter than you do, and at no 
more cost. I save by my process what you throw away. It 
is a wonderful process! Yet simple! Now if you have a 
large quantity of cream to be churned you can use a nice clean 
tub instead of a churn, and use a paddle to stir it with instead 
of a churn dasher. Butter made by this process will stand 
the most rigid inspection by an expert and brings the highest 
market price. I have made the price low and reasonable be­
cause it is a very valuable recipe to know, and worth many 
times the price to any buttermaker, and you will say so if you 
buy it. There is no extra machinery, no extra cost— less la­
bor and over 100 per cent profit over any other process known 
to man. The instructions are simple and complete, and can 
not fail if followed faithfully.”
Terms: Price $5.00.
“ None genuine without my signature."
The recipe gave directions as below:
“ R u l e s — Skim half the cream to be churned off of milk 
that is sour just before it clabbers, the other half sweet cream, 
i. e ., half sour and half sweet cream. Mix well in churn. 
Now add one pound of nice sweet butter to each pint of cream 
to be churned and have the butter put in cream broken into 
pieces. Mix well together. Have cream and butter heated 
to 700. Take off the churn lid. Add one tablespoonful of 
salt to each pint of the cream to be churned. Now leave off 
the lid of the churn altogether. Do not use the lid at a ll! 
Churn rapidly from thirty (30) to fifty (50) minutes, until it is 
solid throughout. Of course butter commences to churn at 
66° of heat, but I think it is best to commence at 7o ° , as it 
looses a little heat, especially in the cool and winter weather. 
Cream always foams when it is cold and of course it will not 
form butter in such a condition. You should buy yourself a
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nice twenty-five cent thermometer to test the cream and you 
will never fail to be right. ”
An experiment was made by taking cream and butter as 
directed in the recipe and the process carried out as given 
above. The product gave the following results on analysis:
W ater................................................................................................. 41.54 per cent
F a t...................................................................................................... 53.04 “
Casein.................................................................................................  2.96 “
Ash (Salt).......................................................................................... 2.46 “
The Gem Supply Co., of Peoria, 111., sends out a recipe 
for a mixture containing the following substances:
R E C IP E .
Alumnae Pot. S u l................................................................. 4 Ounces
Gum Acacia P u re .................................................................1 “
Sact. Lact.............................................................................. 2 “ 2 Drachms
Pure Pepsin.......................................................................... 5 Grains
“ Compound and mix well. Use one teaspoonful of com­
pound to one pint of milk. ” The directions for using this mix­
ture which is called the Gem Butter Compound is to “ Take 
one pound of dairy butter and one pint of sweet unskimmed 
milk. Warm the butter until soft, but not melted. Warm 
the milk until about blood warm, don’t scald it.' Add salt 
and butter color as desired.
Put the whole into a churn and begin to, churn at once. 
Churn until the butter is made but no longer. The butter 
will be soft. Take out of churn and put in a suitable dish, 
let it cool but not hard. Then press into moulds, tubs or 
any shape desired. Use some blunt wooden instrument in 
shaping the butter and work just enough to give the desired 
shape.
The amount of salt and butter color will vary, but about 
a teaspoonful of salt and 12 drops of the butter color will be 
about right. The butter will be as good without the butter 
color but will not look as well. Larger or smaller quantities 
can be made in the above proportion. In making lots of one 
pound or less, .the same result will be attained by using a com­
mon household dish and an egg beater or spoon.
If the above directions are followed carefully the result 
will be about two pounds of good wholesome butter. ”
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5;
The product produced by following the aJbove directions 
gave on analysis the following results:
The flavor of products were good but grain and body 
were lacking. By reason of the high percentage of water the 
the product would not “ stand up” at ordinary temperatures. 
In the experiments that were made in preparing the products 
as directed by the recipes gave in each case the quantity of 
product claimed for the process.
The question which naturally presents itself is whether 
these processes are used to any extent. For an illustration 
in this connection the following may be of interest. Some­
time ago two samples of a product were received by the 
Chemical Section which had been received by certain firms 
of the city of Chicago, These products had been sent them 
for butter, but certain qualities of these substances caused 
them to make an examination. The analyses of the two 
samples gave the following results:
SAMPLE NO. 1. SAMPLE NO. 2.
W ater.......................  59.61 percen t W ater ....................... 42.76 percen t
P a t ............................ 21.31 “ F a t ............................. 44 92
Casein........................ 11.72 “ Casein.........................  5.10 “
Ash (Salt6 48).........  7.36 “ Ash (Salt 6.60).......... 7.22
From the above analyses one can readily conclude that 
the product from these butter increasers finds it way to the 
large cities. While an attempt may be made to sell these 
products to persons who make a specialty of the butter trade 
there is hardly a possibility that such an attempt will succeed, 
as the material is readily detected, but nevertheless it appears 
that such attempts are made as a result probably of the claims 
made, by the promoters of these processes, that the product 
produced is good butter.
In connection with the subject another question presents 
itself and that is. Can a product from these butter increasers 
be sold to the consumer without detection? Recently the 
Bearden Butter Company, of Knoxville, Tenn., received a
W ater
F a t . . .
Casein
41.46 
. 5.00 
. 3.84
49.04 per cent
Ash (Salt)
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patent in England for a butter product under the following 
claims. “ The improvements claimed consist in mixing equal 
quantities of sweet and sour cream, adding one pound of but­
ter to each pint of the mixture and churning all together in 
an open vessel at a temperature of about 700. The entire 
contents of the churn become a solid mass, which contains all 
of the mineral and nitrogenous constituents of the cream. ”
In connection with the problem as related to the amount of 
water in butter there is the question of a limit of the percent­
age of water to be allowed in butter placed on the market. 
Shall the amount of water in butter be limited to 12, 1,4 or 
16 per cent or not; is a problem which may be presented to 
those interested in dairy industries at any time. Shall the 
consumer pay the same price for a pound of butter with 12 
per cent as for a pound with 20 per cent of water; is a ques­
tion which may be of interest to the consumer and the butter- 
maker in the near future.
Mr. C. J. Griffith, of the dairy department, made some 
experiments with the product produced by using these so-call- 
ed “ Butter Increasers” in order that this “ Butter” might be 
tested from a practical point of view. The results of his 
work upon this subject are given in the following report.
I. Butter made with butter and cream. Six pounds of 
good creamery butter was taken and warmed gradually until 
quite soft, then it was broken up and mixed with six pounds 
of good ripe cream. The mixture then put into a small hand 
churn and churned until it became thoroughly mixed. This 
required about fifteen minutes. It then had the appearance 
of soft butter which had had all the grain churned out of it.
In order to harden the butter it was washed with water 
which had been chilled to 48° F. The water was allowed to 
stand on the butter for about five minutes and then drawn off.
The butter was packed in tubs and weighed. Thir­
teen and one-half pounds being the weight of the product. 
After remaining in the refrigerator for a week it was scored 
by Professor McKay with the following results;
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Flavor................................................................................................................... 33
Body......................................................................................................................13J4
Color...................................................................................................................... 14
S a lt........................................................................................................................  9
Style...................................................................................................................... 4
T o ta l ...................................... ' ....................................................................72
The most serious objection to this butter was the body. 
It had absolutely no grain and the sample on the tryer had 
been out of the refrigerater only a few minutes before it was 
soft and greasy.
II. Butter made f''om  “ Butter litereaser", M ilk and 
Butter. Six pounds of good creamery butter was gradually 
warmed until it was soft, then broken and mixed with six 
pounds of sweet milk in which had been put six teaspoons 
full of “ Butter Increaser. ” The “ Butter Increaser” had 
curdled the milk a little >and made it sour. The milk and 
butter were placed together in a small churn and churned un­
til they^ ere thoroughly mixed into a homogenous mass.
It was then washed with water, cooled to 48° F. for sev­
eral minutes, the water drawn off and the butter packed into
tubs. The product weighed twelve pounds. It was allowed 
to remain in the refrigerator for several days and then scored 
by Professor McKay as follows:
Flavor.............................................................................. ......................................20
Body..........................................................................................................................10
Color.............................................................................. ...........................................10
S alt'...............  ....................................................................................................  7
Style..........................................................................................................................  3
T o ta l.............................................................................................................  50
Besides the objection of having no body the product was 
very unsatisfactory regarding its flavor. The butter increaser 
had curdled the milk and also spoiled the flavor. A less 
amount might have produced better results. The objection 
to the body of the butter was in all respects the same as in 
the other experiment.
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